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«f material choice, itecent deveiopiiwu 
fabricatmg pwceas and of the materia gtoaa-inffltrated 

^^—e ««ph as smtereo ceramic, 

used often utiUa* a mold- "^"^ 
In to p«*, t«ta«J«e» ta« 
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Abe « al.. in In^ J. J.P- Soc Free Eng., vol SO. 3. 1996, PP. i78.279, 

^,befoim»i.whid.Ml><lM»aietea>ii«l» „, 1121 4 it 

„,functi.n..de»talele™««.I»E«r.^p.t«>.WPto«m03n2U^ 

has been pioposedKi make «ci<>WBi>yi»™»« rf„yMUe 
L«™tatha.ea»Uproc.3eeabymilUn.UlW«iA.,»»d^^^ 
^^rialsibnn ..ideal group of ».««..«»***^*»«-"^'" 
fc«3.»e*ay«>-*.'^ "»*'^"^"^ 
"^■^"aPa^n. 5,690,490 *es«b..a»«h<.d6.«U»ii.ti«-^^ 

^^™ofa«ndof.-*P*.«««d«K>».wb».W»^» 
ep„,.doo.Th.priB«risco.»ned«i*.CAD/CAMp»^T.»d«a 

wbicEtopro^utili^sh.veb^nobtai^df^.1^' 

tooth or the molar to be replaced. n,^ wthefiOoictioi. 

I»U S. Patent 5,823,778, a method U de«rf«lfcra»> S*™*" 
o,.de..ale.ementwher.b,anin.pre>eionofthe..ethof.pa.M^» 

> I..in.d,whichi.subae,nent,y»«da.,™ld..m.k.acc,,of.d«^ 
„Thi.elementiabrokendown^l.,er..nd.aehU,er„«anned» 

ob,.i..,hr...din»nBionri computer model otthedentdatemeBt 

One object of the pre«,nt invention ia to pnmd. a te.ta.«» 
whereby fMnr&nal dental olamenUcanbatabricaBdinafl^Me.^ 
, :n«m.»«.Ano.h.,obiect.aforthe.echni,uenot».uuU»^ 
and..en.ble,a.«ngd.n.aleleme.taofpolymeri.«etall«orce«»c 

material, or of combinations thereof. 

S.rp.i«.g.y.itb.ap.e^nU,be.nfou.dth..th..ta^«^ 

«.chieJbyf.brictin.adental element utiUzingath^e-dunen^™-. 

30 printing technique^ 
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r^^i^ixfA printing techniques are known per se, and 
described inter aUa in European patent application 0431 924. 
U S Patent 5.902,441 and international patent appUcations 94/19112. 
97/26302 and 98/51747. For a description oO^ details of the tecbn«,«e. 
5 reference is made to the documents mentioned, whid. are diereibretobe^ 

understood to be inserted llBwto. 

Tie method ^xordmg to the ^ principle 5««.bl. 

«.ri<«.an,an.^otde..aleU»e..s.E»-pte.-«d,*«««»<«^»^ 

laW.e.d,),inUy..overl«s,o,U.ys,,a«i-c«WB..<~'»*«-~^^ 
,„ P„fe«.bly.inep.tientinwho,«.to«.lde«m«i«<»b. 

„pUced*la«d.iti.tat»=— «'»~«»>»*"»"^**^"''"° 

k.v. Often, ifpossible, the st.rt>«P<.i«."fll«»*«*«»°''^«»*" 
n„te, or the portion .ber«.f .bet is «. be «plt«4. It i. P-fc".* *« 

,..,..^tc».nkepl«.in.«sn-'"'^»»»*'''''^*''**^ 
15 incon«nieBce«possibte.Parti»lerl,.uit.ble.eebni,««fe.m.M«™ 

the d«pe Ibr .he dspua element make use of «.««a ««« m 
p.„ic»l« use of lasers. In electronic form, date .bout the d.»«i d«pe 
^ din^nsions .« thereby obtained, which can be directly visuaW m a 
computer. .l«=tromc data about the shape and dimensions of the dental 
20 elemen..«prefer.blynsedbyacompu.er»con.xol.h.e^tio.ofihe 

three-dimenrional printing technique. Another suitable 

curing U by the CEBECtechni,»e, Sirona Dental Sys«»s GmbH, 

Benshehn, Germany. .li. 
In the .hiee^nsiond printing technique, a suitable niatenal is 
25 apph.d..c.essi,elyinl.,ers.«hile.pecificstepsa«..kentoensu,ethat 
eLh layer adheres ^.U-precedingUyer only at partoilaxdesiredpomts. 

Thes..p«»8c.«l»»ed««e™i-""^*»^'''^'°'*' , , 
dement and prribrably controlled by the .bo™-me.tion«l elec.roa.c data. 
According to the invention, in the specific steps mentioned, use ■» 

30 made of a binder. This binder is applied t. a p«c«lin, lay«r only at the 
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ft™ wkich a« total i« » b. d«P.d. to WIW. wd" 

..^..^ainely. doe. «« =0.. into -ith <to 

5 removed. . ^ 

The bmder is preferably appUed to the desired pomts by means of a 

print bead. controUed by the computer on the basis of the da1«. obtained 
upon measurement, -aereafter. a powder of the material that has been 
selected for the fabrication of the dental element is applied. 

It is also possible to work upside down and to provide a layer of 
bidder on the bottom side of a plate and subsequentiy to dip the binder in 
the powder. In this last variant, in a simple manner, di&xent kmds of 
powder can be used for different layers. In both cases, the powder will b«d 
only at points where binder has been applied. By repeating these stops 
sufficienUy often. eventuaUy the desired shape of the dental element « 
obtained. Finally, the binder can be removed by sintering. 

According to an alternative to this method, first loose powder is 
laid in a powder bed. and thereafter binder is applied locally to obtain 
binding at the desired points. So. in fact, binder and powder can be apphed 

20 in any sequential order. 

The substrate on which work is done can be formed by a few layers 
of loose powder, so that ihe dental element to be formed can be readily 
detached from the substrate. In sintering, preferably a non-adhering 
substrate, for instance a metal plate, is used. 
2 5 By virtue of the accuracy of the data that can be obtained by 

measuring with the aid of a laser technique, and by virtue of the accuracy 
with which a computer, on the basis of those data, can contn>l a pnnt head, 
the desired shape and dimensions of the dental element can be obtamed m 
a highly accurate manner. WhUe in the old-fashioned techniques it was 
30 necessary to additionally shape a dental element several times after it had 
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been formed in a mold, in the method nocotding to the invention it normaUy 
suffices to carry out additional shaping a single time. Depending on the 
material that hae been selected for the denial element, thia additional 
shaping can be carried ont by grinding, filing, polishing, sanding. Mastmg 
5 orbyu8ingaballbed(avibratingboxoontainingabrafliveball8). 

The binder that is used in a method according to iJie invention 
should be soluble in a suitable solvent to a solution having a viscoeity of 
1-40 mPas, preferably about 3 mPas. and a loading degree of S-lO wt.%. 
Thus the binder preferably has a relatively low moiecuhur weight. Examples 
10 ofsuitable binders are coUoidal silica, polyvinyl acetate (PVA).sta«A 

adbesives. acrylates. polyvinyl alcohol, polyethylene oride (PEO), 
ethylenevinyl acetate (EVA) and derivatives ibeted. 

In the binder, often a colorant wiU be used. Suitable colorants are 
wrmally based on inorganic pigments having a high content of Si(H. which 
15 renders them heat-resistant. These substances are known per se and 
commerdally available, for instance. 6om Carmen, Esprident GmbH, 
Ispringen. Germany, or VITA Zahnfebrik H. Rauter GmbH & co.. Bad 
Zackingen. Germany. Preferably, one or more of the foUowing colorants are 
used: SiO. CoO. ZnO. Cr^s. TiO.. Sb.Os. Fe^Os and MnOs. Dependingon 
20 the desired dental color, colorants are preferably used in amounts of up to 
10% by weight, based on the weight of the powder. It is a particular 
advantage of the invention that at different points in the dental element, 
di&rent colors can be used, if desired with a transparent outer layer, 
yielding a natural optical depth action. By virtue of these and other 
25 advantages, a dental element resembles a real tooth or molar ertremely 
faithfiilly. 

As noted. thU binder can be appUed to a suitable substrate with a 
print head. The print head is controUed by a computer on the basis of the 
data which have been obtained through prior measurements on the patient 
3 0 for the purpose of the dental element. Examples of suitable print heads are. 
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for instance, inkjet heads of the continuous or of the drop-on-demand type. 
The print head preferably has a spray nozzle of a diameter between 10 and 
100 itm. more preferably between 25 and 75 ^m and a length between 50 
and 150 fim- 

5 The powder that is used is selected on the basis of the material of 

which the dental element is eventually to be made. The powder can be used 
both in dry form and in dispersed form (slurry). Dispersions are prefiMrably 
prepared in water or an aqueous solution. In addition, some organic 
solvents, such as isopropanol, can be used. The skilled person will be able to 
10 choose a suitable solvent on the basis of his normal knowledge. Depending 
on the particle size of the powder, it may be desirable to prepare a colloidal 
solution of the powder, for instance by addition of a base, salt and/or 
surfactant. When the powder is applied in dispersed form, preferably a 
drying step takes place each time before a next layer is applied. 
15 According to a preferred embodiment of the invention, in each 

layer, several materials, of a different nature, are used. It is also possible, 
and highly fevorable under certain circumstances, to modifir the 
composition of the powder per layer to be applied. If per layer one type of 
material is appUed, often a doctor blade (slurry) or counter rotating roller 
20 (dry powder) is used. If per layer more than one type of material is appUed. 
this is applied locally, piefferably by means of one or more computer- 
controlled nozzles capable of applying one ox several materials. The 
materials can differ ftom each other in oobr or in properties. To be 
considered here are. for instance. (di)elecbic or piezoelectric properties. 
2 5 According to this embodiment, the material is preferably appUed in the form 
of a slurry. 

According to the invention, different kinds of materials, in 
particular both ceramic materials and metals, can be used. To be able to 
properly apply the material to the binder, the material is preferably in 
30 powder form. Depending on the size of the powder particles, the powder will 
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be appUed in dry form or in dispersed farm (slurry). A finer powder leads to 
a greater accuracy in achieving the desired shape of Uie dental element. 
Prefferably, the powder has an average particle size (diameter) between 
1 nm and 50 pm. more preferably smaller than 50 nm. stiU more preferably 
5 between 10 nm and 25 nm. The advantage of this is that sintering can be 
carried out in a short time and at a relatively low temperature. It has been 
found that the particle size referred to has a positive effect on the shape and 
sinterability of the dental element to be fi»med. 

The powder can be made of any material that is conventionally 
i 0 used for forming dental elements. For this purpose, in particular metals and 
ceramic materials and combinations thereof are suitable. 

When a ceramic material is used for forming the dental element, 
this is preferably selected from the group of SiOa , Al^O,, KsO, NasO, CaO. 
BaaO. CiO». TiOj. BaO, CeOa. LaaOs. MgO, ZnO. IkP and combinations 
15 thereof. Optionally, ceramic compositions can further contain F or PjOs. 
Particularty suitable ceramic materials are the commerciaUy available 
compositions Vitadur*, IPS Empress*, Di«>t», IPS Empress U* Cerestoue*, 
CerePearl* and In-Ceram*. 

When a metal is used fbr forming the dental element, this is 
20 prefferably selected from the group of alloys of gold, platinum, palladium, 
nickel, chromium, iron, aluminum, mdyhdenum, betylUum, copper, 
magnesium, cobalt and tin. Optionally, such an aUoy can contain silicon. 
For a description of suitable alloys, reference is made to J.P. Moffa, 
Alternatives to (Sold Allws in Dentistry, DHEW Publication 
25 N. (NIH). 77-1227. 

If desired, a lubricant can be added to the powder to fedlitate 
applying the powder in layers. Examples of suitable lubricants are stearic 
acid or derived stearates. such as zinc or calcium stearate. A lubricant is 
preferably used in an amount of 1-2% by weight, based on the weight of the 
30 powder. 
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As mentioned, preferably, in alternation a layer of binder is 
applied and a layer of powder is applied thereto. The thickness of the layers 
of powder is preferably between O.Ol and 0.3 nun, more preferably between 
20 and 100 ^m. which is beneficial to the surface quality in the case of 
5 slight differences in height contour of the layers. The amount of binder per 
unit area of powder is feirly critical, but can simply be adjusted by a skilled 
person to the nature of the binder and powder used. Normally, the amount 
of binder will be between 0.005 and 0.3 grams per square centimeter of 
powder. Thus, layer by layer the desired dental element is built up. 
10 When the last layer has been applied, excess powder which has not 

been bound is removed. This can be done by taking out the entire powder 
bed, turning it upside down and shaking gently. Residues can be removed 
by blowing, for instance with compressed air. Thereafter the powder 
particles can be bonded together by sintering. Preferably, prior to sintering. 
15 a debinding step is carried out, i.e., a treatment to remove the binder. 

Debinding can be carried out by means of beat or a suitable solvent, such as 
hexane. Because most binders have a relatively complex composition, 
debinding preferably takes place by heating using a temperature path (for 
instance from 20 to 500»O. Such a beating scheme can be simply coupled to 
20 a sintering step. 

Th^ duration and temperature at which sintering takes place will 
depend on the nature of the binder used and the powder. Normally, the 
duration of sintering will be between 10 minutes and 3 hours, while the 
temperature will typically be between 400 and 800'C. By sintering in such a 
2 5 way that only necks are formed, shrinkage due to the sintering step is 
minimal/negligible. Optionally, such shrinkage can be compensated by 
scaling the CAD model. 

After sintering, the product obtained is preferably infiltrated, 
whereby a second phase is introduced into the product. As a result, the 
30 porosily of the product is considerably reduced. Densities in access of d9% 
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are feasible. The mfiltxation can be canned out, for instanoe. in an oven, 
whexel^ the infiltration material is laid against the dental element. The 
infiltration material melts at a kwer temperature than the material of the 
dental element. Through capillary actimi, the liquid infiltration material is 

5 infiised (adsorbed). This step lasts a relatively short time and gives the 
dental element the dasized propertifis. A suitable material &r this is. for 
instance, glass-ceramic or a polymer. Preferably, a material is used which 
has been approved for use in dental elements, as described in the standard 
ADA no- 15 ANSY MD156.15-1962, which is to be understood to be inserted 

10 herein. 

In particular cases, it has been found to be advantageous to subject 
the dental element to a thermal/chemical post-treatment, so that an 
optimum material (micro)structure is achieved. Thus, preferably, the dental 
element is briefly heated to a temperature between 60 and 150*C, more 
1 5 preferably between 80 and 130°C. 

Instead thereof; or supplemental thereto, preferably a thermal 
compaction is accomplished. To that end, the dental element is heated to a 
temperature of at least 250°C, preferably at least 400"C and more 
preferably at least 500*C. This treatment contributes to the dental element 
2 0 obtaining particularly fevorable prt^erties. 

When by one of the procedures described above the dental element 
has been formed, it may happen that it still needs to be additionally shaped 
to some extent. As has already been indicated, it is an advantage of the 
invention that it enables work to be done very accurately. Additional 
2 5 shaping will therefore be less laborious than in the techniques used 

heretofore. Ways in which additional shaping can be carried out include 
inter alia grinding, filing, polishing, sanding, blasting or treatment with a 
ball bed, depending on the selected material of lihe dental element. 

The invention will presently be elucidated in and by the following 
30 examples. 
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Two binders were prepared, having the foUowing compositions: 

A: -polyvinyl acetate (Optapix PA 4 G) 2wt% 

5 • alcohol content 36 wt.% 

(ethanol) 

" glycol 2 wt-% 

. water balance 

B: - polyvinyl acetate (Optapix PA 4 G) 2 wt-% 

10 - alcohol content 34wt.% 

(ethanol) 

- glycol 1 wt.9ji 

. water balance. 
The compositions were prepared by manually adding the iagredients 
1 5 and stirring. Dissolving the polyvinyl acetate took 6 to 10 hours. Through 
the alcohol content, the surface tension could be set (a low surface tension 
proved favorable). 

B}jpamplg g 

2 0 With a bindjet printer (Z402 of the firm Z Corporation, Burlington 

MA USA) two cylinders were fabricated, using aluminum powder (type CT 
3000SG) in combination with» successively, binder A and binder B (see 
Example 1). The properties of the powder are as foUows: 



25 
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Table 1: Chemical purity (% fay weight) 



AlsOs 


>«99.7 


Na30 


0.09 


SiOj 


0.02 


FesOa 


0.02 


CaO 


0.02 


MgO 


0.10 



10 



Physical pToperties of the powder. 
. Specific suz&ce energy range BET: 

5.5to7.Sm^/g 
' Median partide size (MPS) d50: 

0.5 to 0.7 ^m Cilas 850 

- Particle size d90: 

1.0 to 2.0 (im Cilas 850 
Ceramic properties of the powder 

- Green density: 2.22 g/cm^ 

- Sintered density: 3,90 g/cm^ 

- Shrinkage: 16.5% 



1 5 The alumina powder is distributed homogeneously over the 

buflding platform by means of a divider (kind of razor blade/anow 
shovel/doctor blade). Thereafter, the layer of loose powder applied is 
compacted with a coated roller (teflon roller with polyester top layer), so 
that a smooth and flat layer of loose powder is formed (like flattened castor 

2 0 sugar). Through this compaction step, the initial porosily is rendered 

substantially lower, which is beneficial to the so-called green strength. The 
layer thickness of this powder layer is adjustable and has been set at 
0.0625 mm (the size of this step determines the accuracy of following the 
product contours, and may be still smaller). 
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After the entire building surface has been provided with a new 
compacted powder layer, binder is locally applied to the loose powder by 
means of a binder jet printer (Z402 of the firm Z Corp-, see also WO-A- 
97/26302). The location where the binder substance is to be printed has 
been determined beforehand by software. The binder penetrates so deeply 
into the loose powder that the powder particles in the new layer are bound 
to each other and that further the new layer is bonded to the preceding one. 

With the cartridge and binder substance used, an optimum in 
binder amount has been found to be IQx printing per 100 g. The amount of 
binder at a given layer thickness is 0.0017 g/cm^ per Inkjet run. Aocording^y, 
at lOx ink jetting this is 0.017 g/cm^, which leads to a good oonsistenpy of 
the products (they can be handled). 

By repeating the recoating and inkjet steps, eventually the entire 
product is built up in the green (= with binder) form. 

The cylindrical products which have been produced had a diameter 
of 16.4 mm and a height of 18 mm; the mass is 5.3 g. The experiments were 
carried out in triplicate. The porosity of the alumina cylinders is 45% at a 
maximum (in the absence of compacting). Compacting leads to a lower 
porosity (estimate 55 - 70%), 

The intermediate products were subsequently subjected to 
debinding and sintering according to a specific temperature-time path, 
whereby heating was done at a rate of 120''C per hour to a temperature of 
1200''C, This temperature was maintained for 120 minutes, followed by 
cooling to room temperature, again at a rate of 120^0 per hour. The sintered 
products were subsequently infiltrated with a glass ceramic to obtain the 
eventual strength and mechanical properties. The obtained properties 
satisfy the standard imposed on the functional dental elements. 



